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Hot carrier effects on the magneto-optical detection of electron spins in GaAs
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We report on spatially resolved pump-probe MOKE spectroscopy measurements of electron spins in bulk
n-type GaAs. For low lattice temperatures these measurements are significantly compromised by local changes
in the excitonic magneto-optical response which are not related to the electron spin polarization. These local
changes in the excitonic Kerr spectrum are due to carrier heating caused by above-band-gap optical excitation.
When hot electrons are present, a measurement of the local Kerr rotation at a fixed arbitrary probe wavelength
does not necessarily correctly reveal the local electron spin polarization. By analyzing the spatial dependence of
the full excitonic Kerr rotation spectrum we determine the local excitonic spin splitting energy from which we

obtain the true lateral electron spin polarization profile.
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Pump-probe magneto-optical Kerr (MOKE) techniques
combine the advantages of high sensitivity, spatial, and
temporal resolution in spin-selective spectroscopy. They have
therefore been used extensively to study electron and hole spin
relaxation and diffusion processes in bulk semiconductors,
quantum wells, and quantum dots.'~’

Pump-probe MOKE spectroscopy relies on the spin selec-
tivity of optical interband transitions in direct gap zinc-blende-
type semiconductors. Electrons with a net spin polarization
S, along the z direction (sample normal) are excited by
means of a circularly polarized pump laser.® The dynamics
of the electron spin system are then probed by measuring the
rotation of the major axis of polarization, the Kerr rotation
0k, which is imposed on a linearly polarized probe laser
upon reflection from the sample surface. Symmetry dictates
that the Kerr rotation in polar geometry is an odd function of
the local spin polarization; i.e., Og(S;) = —0x(—S;) (Ref. 9).
Dropping higher order contributions, a linear dependence of
the Kerr rotation on the electron spin polarization 0 = oS,
is generally assumed. Systematic variation of the temporal
delay At between short pump and probe laser pulses or the
relative distance r between focused pump and probe laser
beams and measurement of Ox(At,r) is expected to reflect
the time evolution and spatial dependence of the electron spin
polarization S,(At,r).

In semiconductors the magnitude of the Kerr rotation
depends strongly on the photon energy Ep e Of the probe laser.
The Kerr rotation is typically measured with the probe laser
tuned to a wavelength near the £ excitonic resonance where
Ok (Aprobe) is most pronounced.”!®!! If the magneto-optical
response « in the linear relation 6, = oS, does not depend
on the coordinates (At,r), MOKE spectroscopy correctly
reveals the underlying spin dynamics. However, the excitonic
optical resonances in semiconductors are strongly influenced
by charge carrier concentration and temperature.'>"'* These
parameters may significantly vary with change of the coor-
dinates (At,r), e.g., due to concurrent excess photocarrier
recombination or energy relaxation of hot electrons and holes.
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The influence of this variation on the magneto-optical response
a = a(At,r) of the semiconductor then conceals the true spin
dynamics and MOKE spectroscopy does not directly reflect
the evolution of the electron spin polarization.

Here we report on spatially resolved MOKE spectroscopy
measurements of electron spins in bulk n-type GaAs. We
show that for low lattice temperatures T; < 25 K these
measurements are significantly altered by local changes in
the excitonic resonance which are not related to the electron
spin polarization. We demonstrate that the lateral Kerr rotation
profile 6k (r) does not correctly reflect the spin polarization
profile S.(r) for arbitrary detection energies. We find that the
local heating of the electron system caused by the above-
band-gap optical excitation of the pump beam leads to a
discrepancy between the Kerr rotation profile 0k () and spin
polarization profile S,(r). By quantitatively analyzing the full
excitonic Kerr rotation spectrum 6x(Eprope) as a function of
distance to the pump spot we recover the ability to measure the
local electron spin polarization with spatially resolved MOKE
spectroscopy and reveal the true lateral spin polarization
profile.

The sample under investigation is a 1 um n-type GaAs epi-
layer grown on a (001)-oriented GaAs substrate by molecular
beam epitaxy. The sample structure consists of a 50 nm un-
doped GaAs buffer layer, a ten-period GaAs/AlAs superlattice
with a period of 5 nm GaAs + 5 nm AlAs, followed by a second
50 nm undoped GaAs layer and the 1 um Si-doped GaAs layer.
The superlattice is grown to getter segregating unintentional
impurities from the substrate. It also confines the photoexcited
carriers to the top 1 um GaAs layer by suppressing diffusion
into the substrate. The room temperature electron density and
mobility of the epilayer are n = 1.4 x 10" cm™ and u =
5500 cm? V~! s~! as determined by standard van der Pauw
characterization. We note that our sample is very similar in
both layer thickness and donor concentration to bulk GaAs
samples which have been the subject of numerous previous
spatially resolved Kerr and Faraday rotation spectroscopy
studies.>>1011:15-18 Eyrthermore, we have observed results
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FIG. 1. (Color online) Schematic drawing of the spatially
resolved two-color scanning Kerr microscopy setup.

qualitatively similar to the ones presented here in a number
of samples with room temperature electron densities between
7 x 10" cm™ and 5 x 10'® cm™ and layer thicknesses be-
tween 500 nm and 1 pum.

The sample is mounted strain free on the cold finger of a
liquid helium flow cryostat to avoid a strain-induced splitting
of the conduction band spin states which affects the electron
spin dynamics.’> The sample temperature is determined from
a calibrated semiconductor resonant tunneling diode (RTD)
sensor mounted to the backside of the sample holder.

Lateral profiles of the Kerr rotation 6 (r) and spatially
resolved excitonic Kerr rotation spectra 0k (Aprobe) are obtained
by two-color scanning Kerr microscopy.>'*!! A schematic of
the experimental setup is shown in Fig. 1. Localized excitation
of spin-polarized electrons is provided by a continuous-wave
(cw) Tizsapphire laser (Apump), modulated between ot and
o~ circular polarization at a frequency wyr = 50.1 kHz by a
photoelastic modulator (PEM). The photoinduced Kerr rota-
tion Ok of a second cw Ti:sapphire laser (Aprope) i measured
by a balanced photoreceiver and demodulated by a lock-in
amplifier. In addition to enabling lock-in detection, modulation
of the pump laser prevents unintentional polarization of
the nuclear spin system by the Overhauser effect.® Spectral
filtering of the collinear pump and probe beams is achieved by
a dielectric optical longpass filter which was placed in front of
the detector.

An apochromatic microscope objective (f = 4 mm, NA =
0.42) is used to focus the pump and probe laser on the sample
surface. The (1/e) half width of the laser spots is determined
from CMOS camera images as 0.7 um and 1.2 pum for the
pump and probe beam, respectively. A net optical resolution
of 1.4 um is determined by convolution of both laser profiles.
Lateral scanning of the probe spot is achieved through variation
of the relative position of two aspheric lenses in confocal
geometry, one of which is mounted on a piezo positioner.

All measurements are performed with the probe laser
power fixed to 50 uW. The pump laser power is 10 uW
and the pump wavelength is Apymp = 7800 A. Both pump and
probe intensities resemble those typically found in comparable
spatially resolved MOKE measurements.>!%!!

The setup is calibrated for quantitative measurement of
the Kerr rotation 6. Therefore a quarter wave plate with
horizontal fast axis and a PEM with peak phase retardation
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8, = m modulated at w are placed in the probe laser beam
path in front of the detector. The fast axis of the PEM can
be tilted by a small variable angle y with respect to the
horizontal. Variation of the PEM angle evokes a photoreceiver
voltage which is demodulated at w;e¢. This results in a lock-in
output voltage Vi1 ~ y. From this calibration measurement
the lock-in output voltage in the MOKE experiment can be
related to the absolute Kerr rotation.

The above-band-gap photoexcitation in spatially resolved
MOKE spectroscopy measurements inevitably results in a
local deposition of excess energy in the carrier system. It
has been known for a long time that in semiconductors
the electron temperature 7, can significantly exceed the
lattice temperature 7; as a result of such nonresonant
photoexcitation.'”>! We have further demonstrated recently
by spatially resolved photoluminescence spectroscopy that in
bulk GaAs the temperature difference between the electron
system and the lattice can persist over lengths exceeding ten
micrometers for local excitation by a focused laser beam.??
This effect has been observed at rather low power densities
of the order of 10 W cm ™2 for which no heating of the lattice
system occurs.?

In spatially resolved MOKE experiments performed at
low T, we therefore expect to find a lateral gradient in the
electron temperature which approaches the lattice temperature
for distances far away from the pump spot. Since temperature
strongly influences the excitonic optical properties of semi-
conductors, this lateral gradient in the electron temperature
should result in a spatial variation of the local Kerr rotation
spectrum O (Aprobe) and therefore in a position dependence of
the magneto-optical response.

To demonstrate the local modification of the magneto-
optical response a(r) by pump-induced electron heating we
measure the Kerr rotation spectrum g (Aprobe) as a function
of radial distance r between the pump and probe spot.
The spectra obtained at 7, = 8K at the pump spot center
and in a distance of 25 pum are shown in Fig. 2(a). Both
spectra are normalized to the maximum amplitude of the
low-energy wing of the resonance for comparison. The Kerr
spectrum exhibits an antisymmetric line shape with a zero
crossing at 8189 A (1.514 eV) which is characteristic for an
energetic splitting of the o* excitonic resonances.?*** Moving
away from the pump spot we find a strong change in the
Kerr spectrum in which the resonance line shape becomes
significantly more narrow with increasing radial distance.

Thermal nonequilibrium between the lattice and electron
system is only observed at low lattice temperatures. It results
from the weak coupling between the electrons and acoustical
phonons. For T, 2 25 K, energy relaxation of the electron
system by emission of longitudinal-optical phonons becomes
efficient.?> For lattice temperatures exceeding ~25 K and cw
photoexcitation, the electron and lattice system therefore are in
thermal equilibrium; i.e., T, = T, 2226 In this case all effects
due to local carrier heating vanish and the spectral shape of
the excitonic Kerr resonance should be spatially homogeneous
and independent of the probe laser position. In Fig. 2(b) we
show that at 7, = 30 K the line shapes of the Kerr spectra
measured at the center of excitation and at a distance of
25 pum from the pump spot indeed become identical within
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FIG. 2. (Color online) (a), (b) Normalized local Kerr spectra 0 (Aprope) for different distances between the pump and probe spot at low
(8 K) and high (30 K) lattice temperature. (c), (¢) Color maps of the spatial dependence of the normalized local Kerr rotation 0k (r) for different
probe wavelengths measured between 8170 A and 8230 A in steps of 5 A at low and high lattice temperature. Each 6 (r) profile is normalized
to the amplitude at the center of excitation for comparison. (d), (f) Line cuts through the same data sets. Curves are shifted vertically. (g) Full
width at half maximum (FWHM) of the lateral Kerr rotation profile as a function of probe wavelength.

experimental resolution; i.e., Ok (Aprobe) does not depend on
the lateral position.

We next demonstrate the consequence of the position
dependence of the local magneto-optical response «(r) for
the spatially resolved measurement of electron spin diffusion
by pump-probe MOKE experiments. We have measured the
lateral Kerr rotation profile 0k (r) at 7, = 8 K for different
probe wavelengths which were varied between 8170 A and
8230 A in steps of 5 A. The Aprobe dependence of the profiles,
normalized to the peak value at the center of the pump spot for
reasons of comparison, is shown in the color map in Fig. 2(c).
The individual profiles are shown as line cuts through the same
data set in Fig. 2(d). Starting from short probe wavelengths,
the lateral Kerr rotation profiles 0k (r) become much wider
when approaching the zero crossing of the excitonic Kerr
resonance and become more narrow again when moving
away from the central resonance probe wavelength [Fig. 2(c)].
Moreover, the shape of the lateral Kerr rotation profile strongly
changes for probe wavelengths close to 8190 A, as depicted in
Fig. 2(d).

To quantify the above observations we plot the full width at
half maximum (FWHM) of the 0k (r) profiles as a function of
Aprobe 1N Fig. 2(g). Starting from 14 pm at the shortest probe
wavelength of 8170 A, the FWHM more than doubles to values
exceeding 30 um at 8190 A and then reduces and finally stays
constant at 2220 um for long probe wavelengths >8210 A.

The decay length on which the Kerr rotation decreases to
its (1/e) value is closely related to the FWHM of the Kerr
rotation profile. The (1/e) decay length has been used in the
past to extract spin diffusion coefficients in bulk n-GaAs.'”
The strong variation of the FWHM with changes in the probe

wavelength observed in our measurements raises doubts on
the validity of this procedure.

For T; = 30 K we find that no spatial variation in the local
Kerr spectrum and hence in the magneto-optical response
a is present. All Kerr rotation profiles therefore are now
expected to solely reflect the actual local spin polarization
S.(r) irrespective of the probe wavelength. In analogy to the
previous measurements we present the A,ne dependence of the
Ok (r) profiles for T, = 30 K in Figs. 2(e) and 2(f). In contrast
to the low lattice temperature case, the width and shape of the
Kerr rotation profiles now only weakly depend on Ayope. The
FWHM of the 0k (r) profiles only varies between 212 pum and
15 pum as shown in Fig. 2(g).

In the following we confirm that the spatial dependence of
Ok (Eprobe) 18 quantitatively explained by considering thermal
broadening of the excitonic resonance close to the pump spot.
We first characterize the intrinsic temperature dependence
of the excitonic Kerr resonance linewidth, and subsequently
analyze Ok (Epwbe) in terms of a model which relates the
Kerr rotation to spin-induced modifications of the dielectric
function.

The Kerr rotation 6k of the linearly polarized probe laser
results from a difference in the complex dielectric functions
et (hw) for o* light with photon energy Epjope = fiw. The
Kerr rotation is caused by a difference in the phase jumps
A* of the complex amplitude reflection coefficients.” Starting
from the explicit expression for the phase jumps under normal
incidence,

[\

+
A* —arctan [ —— X (1)
n:tZ + K:tZ -1 ’
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we can relate the Kerr rotation®
Ok = —3(AT — A7) )

to the respective dielectric functions via the well-known
relation 7% = (¢%)!/2 for the complex index of refraction
it =nt — ikt

Following the concept of Ref. 24 we model the dielectric
function for the energy range of interest in terms of a
Lorentzian resonance representing the excitonic contribution
and a static background €, = 11.95 (Ref. 27) resulting from
higher-energy transitions:

Ai

eE(hw) = €, + (3)

Ey —ho+il’

Here, EaL (E,) and AT (A7) are the resonance energy and
amplitude for the optical transition involving o™ (o ~) photons.
The parameter I' describes the linewidth of the excitonic
resonance.

The influence of an imbalance of the resonance amplitudes
AT and a splitting of the resonance energies E(;—L on the spectral
shape of the Kerr resonance is discussed in detail in Ref. 23.
A difference in the resonance amplitudes A* results in a
contribution to the spectral dependence of the Kerr rotation
which is symmetric with respect to the resonance energy
and does not possess a sign change. In contrast, an energetic
splitting of the excitonic resonances AE = (ET — E™) leads
to a spectral dependence of the Kerr rotation on the probe laser
energy which is antisymmetric and exhibits a zero crossing at
the mean resonance energy as observed in our experiments.

We first examine the intrinsic electron temperature depen-
dence of Ok (Epope). We achieve experimental conditions in
which the value of 7, is not influenced by optical excitation by
strongly defocusing the pump and probe beams to a spot size
2100 wm while keeping both laser powers fixed. We thus are
able to measure the Kerr spectrum for excitation densities well
below 100 mW cm~2. For these low excitation densities an
upper bound of the excess photocarrier density is estimated to
be of the order of 1 x 10'* cm™3. Because of the high extrinsic
electron concentration of 1.4 x 10'® cm~3 of the sample under
investigation, pump-induced carrier heating is negligible for
these low excitation densities and 7, = T, for the temperature
range of interest.”®

For the low excitation density measurements, no calibration
for the detection of absolute Kerr angles is available and
therefore we cannot determine the absolute value AE of the
spin splitting. However, we are able to extract the intrinsic
temperature dependence of the linewidth I'(7) which is
independent of the absolute magnitude of the spin splitting
and Kerr rotation spectrum. In Fig. 3(a) we show the
normalized Kerr spectrum 6 (Eprone) for lattice temperatures
T, ranging from 8 K to 25 K obtained under low excitation
density conditions together with the best fits derived from the
Lorentzian resonance model Egs. (1)-(3).

The intrinsic temperature dependence of the excitonic
linewidth I'(T) obtained from these fits is shown in
Fig. 3(b). The linewidth is found to monotonically in-
crease from a low temperature value of (1.2 +0.1) meV
at T, =8Kto (2.1+£0.1) meVat T, =25 K, reflecting in-
creased thermal broadening of the excitonic resonance at
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FIG. 3. (Color online) (a) Lattice temperature dependence of the
normalized excitonic Kerr spectra 0k (Epop.) under low excitation
density conditions (strongly defocused pump and probe spots).
Markers are experimental data; solid lines are fits to a Lorentzian
excitonic resonance model (see text). Curves are shifted vertically.
(b) Temperature dependence of the linewidth I'(7}.) of the excitonic
Kerr resonance. The dashed line is a linear fit.

higher temperatures. The broadening of the excitonic res-
onance results from the interaction with acoustical and
optical phonons and scattering from crystal impurities and
imperfections.'*!42 For bulk semiconductors the temperature
dependence of the excitonic linewidth is of the general form

I(T)=To+aT 4+ bNro(T), “)

where the terms on the right-hand side of the equation describe
the contributions of scattering with impurities, acoustical
phonons, and longitudinal-optical (LO) phonons.'*> Nig is
the usual Bose-Einstein distribution function. For the low
lattice temperatures examined in this work, scattering with
LO phonons is negligible and we expect a linear dependence
of the linewidth on temperature.*® From a linear fit to the
remaining part of Eq. (4) shown in Fig. 3(b) we obtain I'y =
(0.85 £ 0.07) meV and a slope a = (0.050 £ 4) meV KL
This calibration measurement allows us to deduce the local
electron temperature profile 7,(r).

We now turn to the analysis of the spatial dependence of the
local excitonic Kerr rotation spectrum. In Fig. 4(a) we show the
spectra Ok (Eprobe) for distances of 0 pum to 25 pm to the pump
spot measured in steps of 2.5 um at 7;, = 8 K together with
the best fits derived from the Lorentzian excitonic resonance
model. For the resonance amplitude A* of the sample under
investigation we assume a value of 2.35 meV which is found in
Ref. 31 for bulk GaAs of comparable impurity concentration.
We note that due to the dependence of the absolute value
of the Kerr rotation on both the amplitude A* and AE this
introduces an uncertainty in the absolute values obtained for
the spin splitting. However, since an identical value for A*
is used for fitting all local Kerr spectra, relative changes in
AE(r) and hence the general form of the spatial dependence
of the spin splitting are not affected by this uncertainty.

To account for possible phase space filling effects due to
spin-selective Pauli blockade of occupied final states,’>>* we
further allow for a reduction of the resonance amplitude A™
for transitions involving the majority spin population as a final
state in our fitting routine. We find that the relative reduction
never exceeds 2% and systematically decreases when moving
away from the pump spot (not shown here). This rather
small reduction of the excitonic absorption is expected in
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FIG. 4. (Color online) (a) Local Kerr spectrum g (Epop) mea-
sured at increasing distances between the pump and probe spot at
T, = 8 K. Curves are shifted vertically. Solid lines are fits to a
Lorentzian excitonic resonance model (see text). (b) Lateral profile of
the excitonic spin splitting AE(r) ~ S.(r) obtained from the model.
(c) Local excitonic linewidth I'(r).

bulk semiconductors in which phase space filling is of minor
importance compared to low-dimensional systems. We further
note that the influence of the introduction of this additional
degree of freedom to the fit on the results for AE and T is
negligible.

In Figs. 4(b) and 4(c) we show the spatial dependence of the
local excitonic spin splitting A E(r) and the excitonic linewidth
I"(r). We find that both quantities systematically decrease with
increasing distance to the pump spot, reflecting lateral electron
spin diffusion and hot carrier energy relaxation, respectively.

Previously, we have reported on the local electron tempera-
ture resulting from above-band-gap photoexcitation by means
of spatially resolved photoluminescence spectroscopy.’>3
Here we employ the spatially resolved measurement of the
local excitonic linewidth as a tool for the determination of the
lateral electron temperature profile. In Fig. 5 we plot T,(r)
which we calculated from the spatial dependence of I'(r)

(é) T T MOKE- T T T :f
- (e.AY) PL 5
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FIG. 5. (Color online) (a) Lateral electron temperature profile
T,(r) obtained from spatially resolved measurements of the local
excitonic resonance linewidth I'(r) (black circles) and spatially
resolved (e,A2) photoluminescence spectroscopy (red circles). The
dashed horizontal line indicates the lattice temperature 7, = 8 K.
(b) Photoluminescence spectra (black lines) obtained for a distance
of O um, 6.5 um, and 15 um to the pump spot. Red dashed lines
are fits to the (e,Ag) transition from which 7, is deduced. Curves are
shifted vertically.

PHYSICAL REVIEW B 88, 085303 (2013)

shown in Fig. 4(c) and the parameters obtained from the linear
fit to the low excitation density calibration measurement of
I'(T) shown in Fig. 3(b). At the center of excitation we find
a peak electron temperature 7, m,x = (27.3 &= 2.8) K. Moving
away from the pump spot the electron temperature system-
atically decreases and approaches 7T; = 8 K for distances
225 pm.

To check the validity of the determination of the 7,(r)
profile from the local excitonic linewidth we perform comple-
mentary spatially resolved photoluminescence measurements.
In analogy to the experiments presented in Refs. 22 and 35
we determine the local electron temperature from a careful
line-shape analysis of the conduction band to neutral carbon
acceptor (e,AOC) transition.*® Local photoexcitation at 785 nm
is performed by a diode-pumped solid state laser. The pump
laser is focused on the sample surface with a microscope
objective (NA = 0.4, f = 10 mm). The luminescence light
is collected by the same microscope objective and focused
by a lens (f = 250 mm) on the entrance slit of a monochro-
mator. The luminescence is analyzed by a 1000 mm focal
length Czerny-Turner spectrometer which is equipped with
a 1200 mm~! grating and a CCD-array detector. The (1/e)
half width of the laser spot is determined from a CCD image
as 1.8 um. A pump power of 10 uW is used, resulting in
excitation conditions similar to our MOKE measurements and
allowing for direct comparison of results obtained from both
experiments.

In Fig. 5(b) we show representative photoluminescence
spectra obtained at a distance of 0 um, 6.5 um, and 15 pum to
the pump spot. Close to the pump spot the photoluminescence
spectrum in the energy range of interest is dominated by
the (e,A2) transition occurring at 1.4931 eV.”” Moving
away from the pump spot the (e,Ag) transition becomes
increasingly disturbed by the nearby (DO,Ag) donor acceptor
pair transition at slightly lower photon energies. Together
with the experimental data we show in Fig. 5(b) the best
fits (red dashed lines) obtained from the (e,AOC) line-shape
analysis from which we obtain the local electron temperature.
In accordance with previous studies on the same sample® we
find that for distances to the pump spot exceeding ~15 um
the high-energy tail of the (e,A%) transition becomes disturbed
by the donor-acceptor pair transition. This prevents a reliable
extraction of T,(r) from the (e,A%) photoluminescence for
larger distances.

We now compare the results for the lateral 7,(r) profile
obtained from our MOKE and photoluminescence measure-
ments in Fig. 5(a). Overall we find that the spatial dependence
of T,(r) obtained from the measurement of the local excitonic
linewidth is well reproduced by the photoluminescence results.
Minor deviations between both data sets occur very close to the
pump spot where the values obtained from photoluminescence
exceed T, as determined from the MOKE experiment. These
deviations can possibly be attributed to a small difference in the
respective pump spot sizes which results in slightly different
excitation conditions.

We finally demonstrate how spatially resolved measure-
ments of the full excitonic Kerr spectrum can be used
to correctly determine the lateral electron spin polarization
profile. In the preceding section we have found that the
excitonic Kerr rotation stems from an energetic spin splitting
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FIG. 6. (Color online) Comparison of the normalized lateral Kerr
rotation profiles 0k (r) obtained for different probe wavelengths and
the lateral spin splitting profile AE(r) ~ S,(r) (see text).

AE of the exciton resonance energies E* for o* photons.
Such a splitting has been observed previously in transient
pump-probe transmission spectroscopy experiments’’ as well
as in photoluminescence measurements in GaAs quantum
wells**0 and recently in bulk GaAs and AlGaAs samples.*!

From theory it is expected that this spin splitting is propor-
tional to the density difference between spin-up and spin-down
electrons;i.e., AE ~ (ny — n}).*> Owing to the relatively high
intrinsic carrier concentration of the examined sample, the
pump-induced change in the total electron density (n4 +n))
is small. We therefore can directly determine the local electron
spin polarization S.(r) = [n4(r) —ny (¥)]/Iny(r) +ny(r)] ~
AE(r) from the lateral profile of the local exciton spin
splitting.

In Fig. 6 we show the lateral profile of the spin splitting
AE(r) together with several representative normalized 6k (r)
profiles obtained at different probe wavelengths. Comparing
both data sets we find a strong difference between the lateral
Kerr rotation profile Ok (r) measured at Aprope = 8195 A and
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the spin splitting profile AE(r) ~ S.(r). We therefore con-
clude that the common practice®!*!! of probing the spin polar-
ization with A, tuned to the maximum amplitude of the Kerr
spectrum is detrimental to a correct determination of the lateral
spin polarization profile at low lattice temperatures. However,
the Kerr rotation profile measured at Apyohe = 8210 A perfectly
coincides with the position dependence of the excitonic spin
splitting AE(r). Comparing this result and Fig. 6 we find
that the Kerr rotation profiles Ok (r) measured with long
probe wavelengths Aprobe 2 8210 A, i.e., detuned from the
Kerr resonance energy, indeed correctly reflect the true local
electron spin polarization.

To summarize our results, we have found that at low
lattice temperatures the local photoexcitation of spin-polarized
electrons in bulk GaAs also results in a lateral gradient of
the electron temperature. This in turn introduces a spatially
varying linewidth of the local Kerr spectrum which results
from local thermal broadening of the excitonic resonance.
This local variation of the magneto-optical response is su-
perimposed on the electron spin related spatial dependence of
the Kerr rotation. It prevents a reliable extraction of the lateral
spin polarization profile from measurements of the lateral Kerr
rotation profile at a fixed, arbitrary probe wavelength.

To correctly determine the local electron spin polarization
we quantitatively analyzed the full excitonic Kerr spectrum
in terms of a model from which we extracted the local spin
splitting. We further found that the lateral spin polarization
profile is also correctly obtained from fixed-wavelength
measurements of the lateral Kerr rotation profile performed
at long probe wavelengths well below the excitonic resonance
energy.
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